Abstract. The This paper introduces the application of FDM additive manufacturing technology in the production of medical operation model, and analyzes the defects caused by the equipment and parameters, and puts forward the solution.
Introduction
Additive Manufacturing (AM) technology [1] is the use of materials gradually accumulated method of manufacturing solid part, compared to the traditional material removal-cutting technology, it is a "bottom-up" manufacturing methods, It can be called "3D printing technology", "rapid prototyping technology", AM technology does not require the traditional tool and fixture and multi-channel processing, it can quickly and accurately create any complex shape of the parts in one device, thus To achieve the parts "free manufacturing" to solve the formation of many complex structural parts, and greatly reduces the processing steps, shortening the processing cycle. And the more complex the product structure, the more obvious the role of manufacturing speed.
In February 2015, Ministry of Industry and Information Technology of the People's Republic of China released the "National Additive Manufacturing Industry Development Plan (2015-2016)", officially issued to support the construction of additive manufacturing industry, with the increase in manufacturing technology applications and industry has been greatly developed, FDM (Fused Deposition Modeling) technology Especially is widely known. In the medical field, according to the development of materials and biological properties, bio-material manufacturing technology can be divided into three application levels: First, non-implantable medical model manufacturing, such as 3D print surgery model, prosthetics, etc.; Second, implantable medical model Manufacturing, such as for patients to print teeth or jaw, etc.; Third, cell tissue printing, such as printing kidney, ear, etc., but it is still in the laboratory research stage. The most widely used is the production of non-implanted medical model [2] .
Medical Operation Model Production

Fused Deposition Modeling Technology
FDM (Fused Deposition Modeling) technology heating and melting the hot melt material filaments through a nozzle with a fine nozzle spray out. The molten material melts from the nozzle and is deposited on the production panel or the previously cured material. After the temperature is lower than the curing temperature, the solidification is started, and the final product is formed by the layers of the material. Figure 1 shows a schematic diagram of an FDM device.
The process can be divided into the following steps [3] : model design processing, model slice stratification, device printing, and model post-processing, as shown in Figure 2 below.
Model Design Processing
FDM technology produced the patient's diseased parts into a solid model, on the one hand to the medical staff to bring the intuitive image of the sick parts to facilitate the development of each patient's condition in line with the actual of the surgery or treatment program; the other side through the model design of the treatment program, the patient can be in the process of surgery or rehabilitation to endure less pain. Since every person's organs, body tissues are different, the very first need to make the model is the model design and processing with the medical application model data from the patient done CT or nuclear magnetic resonance. CT, for example, after CT scanning, CT system will generally generate DICOM format data, which saved the patient was scanned site of the layered information, each layer corresponds to the patient was scanned a section of the surface, generally hundreds of layers ; the MIMICS software will use for CT data processing, the software will generate CT data corresponding to the patient organs, tissues or bones of the three-dimensional model, where the three-dimensional model is relatively rough, there are redundant three-dimensional Block, the need for data patch repair. For example, a knee cartilage injury patient need a repair surgery, the Figure 3 below is a MIMICS software generated by the patient's knee joint map. The general FDM material manufacturing equipment can reach the produce size range (300mm * 200mm * 200mm), meeting the medical needs of the human body parts models making the model usually set up processing in a hollow style to print, this can save time and cost, while the production of the model also avoids the production of possible cooling shrinkage cracking deformation problems.
MIMICS software generates the model file, export the STL file, and then import the model processing software 3-matic, the lower right side of Figure 3 model in the excess part of the removal, remove the figure shown in Figure 4 . 
Model Slicing Layering
Import the model above into CURA or SIMPLIFIED 3D software. In the case of CURA, adjust the view of the model graph first, and give the model support as shown in Figure 5 , taking into account the floating position of the model. And then set the model of the wall thickness, empty travel speed, inside and outside printing speed and nozzle temperature, and select the printing material characteristics (such as material diameter, PLA or ABS) and nozzle properties. The wall thickness is a relatively large parameter affect the finished products quality, the stability, the produce time associated with it, the filling rate is assessment factor, the general filling rate of not more than 20% Greatly affect the printing speed, material consumption is also increased [4] . The knee joint described in this article is made with a filling degree of 15%.
The other relate printing parameters are wall thickness 0.8mm, processing layer thickness 0.1mm, printing material for PLA, diameter 1.75mm, nozzle diameter 0.4mm, bottom plate temperature is set to 50 ℃, nozzle temperature 210 ℃. After completing the above settings, the software finally generates the GCODE file and prints it to the printing device for printing.
Forming and Post Processing
As shown in Figure 6 below, it is a desktop FDM weighting manufacturing equipment used in the production of the patient's knee joint model. This device is simple and stable. The machining precision can be ± 0.1mm, and it can be printed with PLA (it can also be compatible with ABS material), The density is (1.25 ~ 1.3) , shrinkage (0.2 ~ 0.3) %. The model also need to remove the support and the surface [5] , a knife or sandpaper is good for surface treatment, as shown in Figure 7 below. 
Possible Defects and Countermeasures
In the process of making the model, Defects are unavoidable, not only waste the production of materials, but also take up a lot of time. The main defects include: inter-layer cracking, shrinkage deformation, Alice and so on. It is shown in Figure 8 below is a layer of cracks and shrinkage deformation of the defect diagram, the reasons for such defects are: (1) equipment in the processing process has a small vibration; (2) processing parameters set unreasonable. The defects on the left side of Figure 8 are mainly due to the fact that the desktop FDM machine uses a screw drive to drive the print table so that the screw gap in the screw causes the table to go up or Under the slight movement; In the same time, the device is used in the floor heating and material melting deposition process, will inevitably produce the center and the surrounding cooling rate is uneven, so the shrinkage is not the same, it will bring the right side defects of Figure 8 shown.
To solve these problems, on the one hand it can set a constant temperature to processing cavity, speed up the cooling and reduce the cooling rate of the difference, so the sub-model production time is less, the use of the supplies is also less, the cost saved; In addition, according to the actual production of the model test, the cavity produced by the model strength has improved.
The actual production shows that the parameters of the printing have great influence on the performance of the model after forming. The parameters such as wall thickness, empty travel speed, outer wall printing speed, inner wall printing speed and nozzle temperature are set according to the model. The smaller the model, the lower the probability of interlayer cracking, and the lower the floor temperature, it can effectively eliminate the alice deformation.
Summary
Additive manufacturing technology is a new technology, it will be a good complement to traditional manufacturing, but also more performance space to the human imagination; and the personalized medical industry is now slowly increasing, the additive manufacturing technology in the personalized production of the advantages will make a great development, and has been gradually expanded. However, there are still a long way to go, such as access to in implants and breakthroughs in biological tissue production, which require more effort to achieve.
